B ladder cancer has proved to be a great challenge to pathologists and urologists. Bladder cancer is a paradigm of malignancy. Some cancers are of low malignancy potential, whereas others are highly aggressive, making early diagnosis and appropriate treatment crucial. In most cases, transurethral resection of the bladder (TURB) is the primary mode both of treatment and diagnosis. 1 Persistent high grade tumours confined to the urothelial mucosa may require further treatment to prevent recurrence or possible progression. Further treatment is usually in the form of intravesical therapy or immunotherapy. Alternative therapeutic approaches, such as gene therapy, have been adopted in recent times. 2 3 Although superficial bladder cancer is managed conservatively, muscle invasive bladder cancer is usually treated with radical cystectomy or radical radiotherapy. 4 Systemic chemotherapy has been added to surgical and radiotherapy in an attempt to improve cure rates.
"There are few data on the morphological changes induced in the normal mucosa and the associated neoplasia in relation to the different therapeutic approaches"
A host of information is available on the morphological appearance of untreated bladder cancer, both in its pre-invasive and invasive phases. 5 6 The literature dealing with the treatment of bladder cancer offers little information about the tissue and cellular changes related to the various types of treatment. Most studies document the efficacy of treatment on the basis of the endoscopic appearance of the bladder, not always confirmed by histology. There are few data on the morphological changes induced in the normal mucosa and the associated neoplasia in relation to the different therapeutic approaches. 6 7 Here, we aim to review the morphological changes induced in the bladder by a series of traditional and innovative therapeutic procedures used to treat bladder cancer, including the alterations induced by cyclophosphamide, a systemic chemotherapeutic agent used to treat lesions other than bladder cancer. In particular, the following groups of topical and systemic therapeutic procedures together with the morphological changes induced by them are reviewed: • Chemotherapy.
• Immunotherapy.
• Radiotherapy.
• Photodynamic and laser treatment.
• Gene therapy.
CHEMOTHERAPY
Several chemotherapeutic agents, used either intravesically or systemically, produce urothelial changes. Some of them can be mistaken for carcinoma.
Intravesical chemotherapy
The fundamental purpose of treatment with intravesical chemotherapy is threefold:
(1) eradication of existing disease, (2) prevention of recurrence, (3) prevention of tumour progression. 8 Common indications for intravesical chemotherapy include multiple primary tumours, frequent tumour recurrence, stage T1 grade 3 tumours, post resection positive urine cytology, and carcinoma in situ (CIS). Several intravesical chemotherapeutic agents are used.
Triethylenethiophosphoramide (thiotepa) and mitomycin C
Thiotepa, an alkylating agent, is the oldest of the intravesical chemotherapeutic agents still actively used today. Its mechanism of action involves the formation of covalent bonds between DNA, RNA, nucleic acids, and protein. 9 The result is the inhibition of nucleic acid synthesis. In addition to this effect, thiotepa reduces cell adherence, with a direct cytotoxic effect. 10 Mitomycin C, an antitumour antibiotic, can induce interstrand and intrastrand crosslinks in many types of DNA, depending on the base composition of the DNA. It has been shown to degrade DNA and inhibit DNA synthesis, thus making it effective during the late G1 and S phases of the cell cycle. 11 "A pronounced necroinflammatory process, with the features of so called chemical cystitis, follows the topical administration of mitomycin C"
Thiotepa and mitomycin C produce identical histological and cytological alterations in the normal urothelium. 12 13 In particular, these agents induce cell exfoliation and mucosal denudation, and produce atypical changes in the superficial umbrella cells. 12 Such cells become large, vacuolated, and often multinucleated with small nucleoli. 13 These atypical looking cells can persist in the cytological specimens for several weeks after the discontinuation of treatment. 7 Table 1 summarises the cytological criteria that are useful to distinguish thiotepa and mitomycin C induced changes from low grade urothelial tumours. These cell alterations are not specific and may also be caused by chronic irritation such as inflammation, catheterisation, and instillation of saline solutions ( fig 1A,B ). 7 12-14 A pronounced necroinflammatory process, with the features of so called chemical cystitis, follows the topical administration of mitomycin C. There is often a histiocytic response that extends deep into the bladder wall, the macrophages being either isolated or in clusters. Mitomycin C may also initiate eosinophilic cystitis. Significant fibrosis with scarring and bladder wall calcification have been documented in isolated cases after long term topical treatment (table 2). 15 Thiotepa and mitomycin C suppress tumour growth and progression, but they do not eradicate cancer. Apparently, they act as surface abrasives to destroy the tips of papillary fronds, resulting in stubby papillae lined by neoplastic cells. Urothelial denudation makes recurrences difficult to detect cystoscopically and to document histologically, but urothelial dysplasia and carcinoma in situ have been found in von Brunn's nests. 6 Other topical agents Doxorubicin (Adriamycin), epirubicin, ethoglucid (epodyl), cisplatin, and mitoxantrone are known to cause alterations in the bladder mucosa. 16 17 The frequency varies from agent to agent. For instance, there is a 21% and 25% incidence of epirubicin and doxorubicin induced cystitis, respectively. A frequency of cystitis ranging from 3% to 56% has been seen with ethoglucid. The full morphological description of the changes in the normal bladder mucosa and in the lesions being treated is not available. 7
Systemic chemotherapy
Several agents are given systemically to treat neoplastic and non-neoplastic disorders. Among these agents, cyclophosphamide is known to have severe effects on the bladder mucosa.
Cyclophosphamide
Cyclophosphamide is an alkylating agent used either alone or in combination with other compounds to treat epithelial malignancies, in addition to diseases such as systemic lupus erythematosus, rheumatoid arthritis, nephrotic syndrome, organ transplantation, and lymphoproliferative disorders. 18 Active metabolites, namely acrolein and phosphoramide mustard, are concentrated in the urine, where they can be in contact with the urothelium for prolonged periods. 19 The drug is toxic to the urinary bladder mucosa and increases the risk of urinary bladder cancer (table 3; fig 1C) . 20 21 Cyclophosphamide causes the arrest of cell division and produces large, binucleated and multinucleated cells, often with large bizarre nuclei resembling those seen after radiotherapy (see below). There is pronounced but variable cellular and nuclear enlargement. Nuclei are often eccentric, slightly irregular in outline, and usually very hyperchromatic. Chromatin may be coarse but is usually evenly distributed. Nuclear piknosis is a common late effect that results in the loss of chromatin texture. Nucleoli are single or double and are occasionally large and distorted with irregular and sharp edges. Such cytological abnormalities of the urothelial cells may be easily mistaken for malignancy. 22 "The risk of bladder cancer associated with cyclophosphamide is apparently increased in patients with a history of cystitis"
Haemorrhagic cystitis can be caused by systemic cyclophosphamide treatment 19 and it appears to be dose independent. 23 The histological changes include vascular ectasia with severe oedema and haemorrhage of the lamina propria, usually associated with necrosis of the epithelial lining and mucosal ulceration. Fibrosis of the lamina propria and the muscularis propria is present in 25% of cases examined at necropsy. [24] [25] [26] Bladder wall calcification has been seen in occasional cases. 25 Haemorrhagic cystitis occurs also in patients treated with busulfan. 16 Systemic cyclophosphamide treatment may induce reactivation of polyomavirus infection. Early in the reactivation process cells shedding from the bladder may mimic dysplasia or urothelial carcinoma. 27 DNA aneuploidy or a hyperdiploid DNA content may be encountered as a false positive indicator of transitional cell carcinoma in patients with reactivated polyomavirus associated with urothelial atypia and no evidence of transitional cell carcinoma. 27 The evidence that cyclophosphamide increases the risk of bladder cancer is primarily based on a summary of case reports, but there is some evidence that the risk increases with the cumulative total dose of cyclophosphamide. 28 Bladder cancer occurs, most commonly, several years after the treatment of lymphoproliferative or myeloproliferative disorders, particularly multiple myeloma and Hodgkin's disease, and in patients receiving cyclophosphamide after organ transplantation. 18 21 29 30 The risk of bladder cancer associated with cyclophosphamide is apparently increased in patients with a history of cystitis. Urothelial carcinoma is the most common form of cancer, although squamous cell carcinoma, adenocarcinoma, undifferentiated carcinoma, and even sarcomas have been observed. Sarcomatoid carcinomas (carcinosarcoma) have also been reported in a few patients after prolonged administration. 20 21 In patients with muscle invasive bladder cancer, systemic (neoadjuvant) chemotherapy, in which cyclophosphamide may be given in combination with other agents, has been added to locoregional treatment in an attempt to downstage the primary tumour and reduce micrometastases and, in some instances, as a radiosensitiser. 31 The morphological changes are basically characterised by tumour cell necrosis. 32 A similar effect can be seen following peri-operative chemotherapy.
Immunotherapy

Intravesical BCG
Ideally, intravesical treatment should eradicate residual disease and prevent tumour recurrence, thus ultimately averting the serious consequences of muscle invasion and metastasis. The immunotherapeutic agent Bacillus Calmette-Guérin (BCG) offers high rates of early and durable complete response. However, although several studies have demonstrated a decrease in disease progression, there are no long term studies that provide conclusive evidence of a survival advantage to BCG.
BCG is a pleiotropic immune stimulator oriented toward cellular immunity. In particular, BCG has been shown to activate macrophages, natural killer cells, B cells, and various T cells (CD4+, CD8+, and γδT cells) in vitro and in vivo. The analysis of cytokine production from human urine during BCG treatment has shown that BCG can stimulate the expression of interleukins (IL-1, IL-2, IL-4, IL-6, IL-8, IL-10, and IL-12), tumour necrosis factor α, granulocyte-macrophage colony stimulating factor, the antiangiogenic chemokine IP-10, and interferon γ (IFN-γ). Of these, IFN-γ appears to be a crucial mediator of the anti-mycobacterial infection response. Although the exact mechanism of BCG action in bladder cancer remains incompletely understood, BCG antitumour efficacy appears to depend on a cell mediated T helper cell immune response. 2 33 The pathological changes associated with BCG treatment are similar to those seen in tuberculous cystitis. This includes acute and chronic inflammation surrounding non-caseating granulomas. BCG may also produce a pattern of reactive epithelial atypia in association with denudation and ulceration of the urothelium (table 4; fig 1D) . [34] [35] [36] Immunotherapeutic agents other than BCG Several immunotherapeutic agents other than BCG have been investigated for the prophylaxis of superficial bladder cancer, including recombinant IFN-α. 2 33 IFNs are known to have antiviral and direct antiproliferative activity, and to inhibit angiogenesis, regulate differentiation, activate immune effector cells, induce cytokine production, and enhance tumour associated antigen expression. 2 The precise role of recombinant IFN-α in the treatment of superficial bladder cancer is still under investigation. 33 Bladder cancer cells express large numbers of the IFN-α receptor, and greater receptor densities are found in high grade lesions. The indirect antitumour effects of IFNs are probably mediated via the stimulation of a cellular immune response. Intravesical recombinant IFN-α increases the cytotoxic activity of T cells and natural killer cells by increasing the infiltration of these cells into the bladder wall, and this improved immune cell activity persists for three to six months. This increases the susceptibility of urothelial carcinoma cells to attack from cytotoxic T cells and directly inhibits the proliferation of tumour cells. 2 The pathological changes associated with IFN based treatment are not specific and are characterised by oedema of the lamina propria and perivascular collections of inflammatory cells, mainly lymphocytes, neutrophils, and eosinophils.
Intravesical vaccinia virus is currently under study as immunotherapy for bladder cancer. [36] [37] [38] [39] The limited number of tested cases has shown a significant mucosal and submucosal inflammatory infiltration, characterised by lymphocytes, eosinophils, plasma cells, and dendritic cells (table 4; fig 1E) . The tumour cells show some nuclear features that suggest a viral effect.
Radiotherapy
Approximately 20-25% of patients present with muscle invasive bladder cancer, which is life threatening, and require radical treatment. Definitive radiotherapy has been used for muscle invasive bladder cancer since the early 1900s and there is evidence that patients can achieve durable local control and maintain a functional bladder. However, the standard approach to the management of bladder cancer not suitable for conservative measures is radical cystectomy. In the past few decades, radical radiotherapy has been used in patients who either refused or were not suitable for radical cystectomy. Therefore, there is a limited amount of information on the precise role that radiotherapy plays in the management of bladder cancer.
External beam radiotherapy is rarely appropriate for the treatment of superficial bladder cancer because it can cause considerable local morbidity while displaying limited efficacy. CIS is particularly resistant and low grade disease responds less well than higher grade disease. Some benefit may be derived for patients with stage T1 grade 3 tumours, especially if combined with aggressive TURB and chemotherapy. A high degree of local morbidity is seen in the bladder as a result of radiotherapy for other pelvic diseases. The mechanism by which these effects are accomplished is poorly understood, and it is possible that x rays may eradicate tumours by severely damaging their blood supply. [40] [41] [42] "A variety of radiotherapy induced abnormalities may be seen in the bladder mucosa"
A variety of abnormalities may be seen in the bladder mucosa. These include acute and chronic radiation cystitis, with mucosal ulceration and late bladder contracture. 7 42-46 In particular, radiotherapy results in urothelial cell enlargement, multinucleation, and vacuolisation, although nuclear to cytoplasmic ratios remain low. Enlarged nuclei may have large nucleoli, but degenerative nuclear features are usually present. A reactive, tumour-like epithelial proliferation associated with haemorrhage, fibrin deposits, fibroid vascular changes, and multinucleated stromal cells is seen in chronic cases. This late phase of radiation cystitis usually occurs months or years after ionising radiation. Nodules of squamoid epithelium push into the lamina propria without evidence of true infiltrative growth. The adjacent tissue is haemorrhagic with deposits of fibrin and, deeper within the stroma, mesenchymal cells are often large and multinucleated (for example, giant cell cystitis). Extensive scarring of the bladder wall is common (table 5; fig 1F,G,H ). An important long term effect of radiotherapy is de novo radiation induced bladder cancer. In general, it is a urothelial carcinoma; occasionally it is a squamous cell neoplasm. Rare examples of sarcomatoid carcinoma (or carcinosarcoma) and sarcoma of the urinary bladder have been reported. 20 44 47 Photodynamic and laser treatment
Photodynamic treatment
Photodynamic treatment using haematoporphyrin derivatives is a form of treatment applied in bladder cancer. It can achieve a high initial complete response rate, especially against CIS, but generalised cutaneous photosensitivity remains limiting. 48 49 Moreover, severe local irritative symptoms persisting for months are not uncommon, in addition to occasional bladder contractures.
It is based on the systemic or local administration of photosensitisers. These substances accumulate in tumour tissue but not, or to some extent only, in normal tissue. 50 When the photosensitiser is activated by light, it produces tumour necrosis, preserving normal structures. The response is noted one or two days after the treatment is applied. 50 On histology, it is characterised by coagulation necrosis, sometimes with haemorrhagic necrosis clearly demarcated from the non-neoplastic tissue (table 6; fig 1I) . Adjacent non-neoplastic tissues may show morphological changes ranging from moderate to severe oedema, but necrosis is rare. 51 52 Other findings include spindle cell artifact of urothelial cells and dystrophic calcification. [53] [54] [55] The photosensitiser accumulates also in the stroma and in the vessel wall, suggesting tumour ischaemia as a possible mechanism of action. In fact, early morphological changes show intravascular coagulation and adjacent tumour cell necrosis.
Laser treatment
Laser treatment has been used to ablate bladder tumours. Lasers are usually reserved for patients with recurrent low grade tumours, because tissue is not usually available for histological evaluation. 56 It is believed that the lack of biopsy tissue in such circumstances does not compromise patient care because these lesions are usually low grade Ta lesions. 57 58 The neodymium:YAG laser has been most commonly used. Flexible fibres can usually be inserted through standard cystoscopes, or through cystoscopic equipment modified for use with laser fibres. [59] [60] [61] One advantage of the laser is that it allows for transmural coagulative necrosis without perforation and extravasation (Ross JS. Intravesicle chemotherapy associated atypia in urinary bladder surgical and cytopathology. Presented at the United States and Canadian Academy of Pathology meeting on genitourinary pathology, Washington DC, 1996) . The boundary between the necrotic tissue and the surrounding tissue is sharp. The endothelial cells in the tissue adjacent to cancer may acquire an atypical looking appearance. The pathologists should avoid considering these cells as residual cancer. 62 63 Gene therapy The discovery that many cancers develop in concert with the loss of function of specific genes, dubbed "tumour suppression genes", suggests that the replacement of such genes should be therapeutically useful. Studies of bladder cancer have yielded several candidate genes for therapeutic replacement. 64 Among these are the cell cycle related genes Rb, p53, p21/waf1, and p16. [65] [66] [67] [68] Tumour suppressor gene therapy is well suited for intravesical administration. Gene correcting and tumour vaccination studies have been shown to be effective in animals, in particular by increasing the sensitivity of bladder cancer cells to chemotherapeutic agents. 69 70 These findings suggest that the combined regimen of gene replacement and chemotherapy may become an efficient and powerful tool for the treatment of bladder cancer.
Very few morphological studies of cytopathological effects of gene therapy have been published. [71] [72] [73] [74] Various degrees of necrosis, more commonly seen in high grade lesions, are present in cancer foci. Nuclear changes include the loss of chromatin detail and nucleoli in the earlier stages. In the late stages, the nuclei shrink, become pyknotic, and acquire a spindled morphology, in contrast to the normal round/ovoid shape. The resulting nucleus, found in dead cells, is dark, dense, pyknotic, and comma shaped with no nuclear detail. Hyperchromatic bizarre nuclei are occasionally seen.
"The combined regimen of gene replacement and chemotherapy may become an efficient and powerful tool for the treatment of bladder cancer"
The normal urothelial mucosa is rarely affected by necrosis, but contains an intense chronic inflammatory infiltrate composed predominantly of B cells. Some lymphocytic infiltration is present at the tumour-normal bladder interface or inside the tumour itself. Macrophages are abundant within tumour (table 7) . Data on the morphological changes resulting from methods of gene therapy other than tumour suppressor gene therapy (for example, pro-drug activation, immunomodulatory, and anti-angiogenesis) are not available.
Surgery
The bladder may show a variety of surgery related changes. These can be divided into three groups: pathological changes associated with transurethral resection of the bladder, suture granuloma and related lesions, and morphological changes associated with bladder augmentations and intestinal conduits (table 8; fig 1J, K). 1 37 75-86 Details were reported in a recent review. 7 Usually these changes do not represent a diagnostic problem.
CONCLUSIONS
Topical and systemic therapeutic agents and treatment modalities, such as thiotepa and mitomycin C, cyclophosphamide, BCG, radiotherapy, photodynamic and laser treatment, and gene therapy, produce a host of changes and alterations in the bladder, some of them mimicking cancer. Pathologists must be aware that, following these types of treatment, the clinical usefulness of urinary cytology is reduced ( fig 1L-P) .
Take home messages
• The modalities used for the treatment of epithelial bladder cancer may produce morphological changes in the urothelial mucosa that could be mistaken for carcinoma so that the pathologist must be able to separate toxic and drug related alterations from tumour related changes • Intravesicular chemotherapy with thiotepa and mitomycin C induces cell exfoliation and mucosal denudation, and produces atypical changes in the superficial umbrella cells, which can mimic the changes seen with low grade urothelial tumours • Systemic chemotherapy with cyclophosphamide can also cause cytological changes that can be mistaken for malignancy. It can also cause haemorrhagic cystitis and the reactivation of polyomavirus infection, the effects of which can mimic carcinoma • Immunotherapy with BCG can induce pathological changes similar to those seen in tuberculous cystitis, including inflammation surrounding non-caseating granulomas, and treatment with interferon also produces inflammatory changes • Radiotherapy can induce acute and chronic radiation cystitis (including giant cell cystitis), with mucosal ulceration and late bladder contracture • Little is known about the changes induced by gene therapy, although necrosis of tumour tissue and inflammatory changes in the normal mucosa have been documented • The changes induced by surgery do not usually pose a diagnostic problem • Thus, pathologists must be aware that, following these types of treatment, the clinical usefulness of urinary cytology is reduced
